SUMMARY
Sevoflurane has become the most widely and frequently used volatile anaesthetic for paediatric anaesthesia due to its relatively pleasant odour, rapid action and good safety record. In otorhinolaryngology, adenotonsillectomy is a common procedure of brief duration and moderate surgical stimulation. Rapid recovery is desirable to ensure airway safety after extubation. Sevoflurane is reported to be associated with an increased incidence of agitation during the recovery phase 1 . A metaanalysis of randomised controlled trials has concluded that there is a greater incidence of emergence agitation in children after sevoflurane anaesthesia compared with halothane 2 . Converting to isoflurane maintenance after sevoflurane induction may not decrease the incidence of emergence agitation [3] [4] [5] . A number of strategies to reduce the risk of emergence agitation after sevoflurane anaesthesia have been used with variable efficacy. Opioid supplementation is commonly used for analgesia during anaesthesia. Remifentanil is a synthetic short-acting opioid considered to be an appropriate opioid to combine with volatile anaesthesia in children. We had observed clinically an apparent decrease in emergence agitation in our patients when remifentanil was used intraoperatively. In this study, we assessed the effect of intraoperative remifentanil infusion on the incidence of emergence agitation in preschool-aged children undergoing adenotonsillectomy with sevoflurane/nitrous oxide anaesthesia with fentanyl 3 µg/kg intravenously at induction.
METHODS
This study was approved by the institutional committee of China Medical University and consent was obtained from all participants' parents. Sixty preschool-aged children, ranging from three to seven years, American Society of Anesthesiologists physical status I and II, were studied prospectively. The children were randomised into two groups to receive either sevoflurane combined with remifentanil (group R, n=30) or sevoflurane and no remifentanil (group S, n=30) using a concealed random number generator. The exclusion criteria were children with psychological or emotional disorders, abnormal cognitive development, developmental delay or a known history of allergy to the drugs in our protocol.
Each child received intramuscular atropine 0.01 mg/kg injected 30 minutes before entering into the operating room. no preoperative sedative medication was given. Routine monitors included non-invasive mean arterial blood pressure (MAP), heart rate (HR), electrocardiogram and pulse oximetry (SpO 2 ). A peripheral intravenous catheter was placed with a two-lumen catheter extension with anti-reflux system. One of the two lumens was dedicated to the remifentanil infusion and the other was used for bolus injection of anaesthesia drugs. Anaesthesia was induced with a bolus injection of fentanyl 3 µg/kg and propofol 2.5 mg/kg. Endotracheal intubation was facilitated by vecuronium 0.1 mg/ kg. All patients were ventilated to maintain an end-tidal CO 2 of 35±4 mmHg. Sevoflurane 1.5 to 2.5% with 50% nitrous oxide in oxygen was used for maintenance in both groups. Children randomised to group R also received remifentanil 0.1 µg/kg/minute. Sevoflurane concentration was adjusted to maintain stable haemodynamics. no further muscle relaxant or any other drugs were administered to any child in either group. Saline 0.9% was administered to correct fluid deficit related to fasting. When the mouth-gag was removed at the completion of surgery, all drugs (sevoflurane, nitrous oxide, and remifentanil for those in the remifentanil group) were discontinued simultaneously. no alterations were made to the ventilation settings and no attempt was made to stimulate the child. With the return of the cough reflex, patients were allowed to breathe spontaneously. Tracheal extubation was performed when the child had an adequate cough reflex, responded appropriately to a request to open eyes, had a regular respiratory pattern, facial grimacing, gag reflex and purposeful movement of limbs. After extubation, all children had 100% oxygen via a facemask and at the same time vital signs were observed. If there were no clinically significant issues, the children were transferred to the postanaesthesia care unit, monitored and scored by two nurses who were blinded to the anaesthetic used. Only two paediatric anaesthetists were used to conduct all the children's anaesthesia procedures, in order to ensure the consistency of the study.
Observation and monitoring
A blinded observer recorded MAP, HR and SpO 2 at the time of entering the operating room (T 0 ), after intubation (T 1 ), after extubation (T 2 ) and after transfer to the ward (T 3 ). Duration of anaesthesia, eye-opening time (time from discontinuation of sevoflurane to eye-opening) and time to extubation (time from the discontinuation of sevoflurane to extubation) were also recorded. Emergence agitation was scored on the Pediatric Anesthesia Emergence Delirium (PAED) scale (Table 1 ) by a nurse in the post anaesthesia care unit. The degree of agitation was recorded and assessed every five minutes during the first 30 minutes after arriving in the post-anaesthesia care unit. We defined emergence agitation as a PAED score ≥10 6 . SPSS (Statistical Package for Social Sciences) for Windows (version 11.0) was used for statistical analysis. All the results are presented as means ± SD or numbers. Demographic data and vital signs were analysed by Student's t-test. Comparison of the incidence of the outcomes between the two groups was analysed by a two-tailed Fisher's exact test. A P value of less than 0.05 was considered statistically significant.
RESULTS

Emergence agitation incidence
The incidence of emergence agitation in group S was 66.7% (20/30) and in group R 23.3% (7/30), P <0.01 (Table 2) . Physiologic parameters and others There were no significant differences (P >0.05) in age, gender distribution, body weight, duration of anaesthesia, eye-opening time and time to extubation between the two groups (Table 3 ). In addition, there were no differences in MAP, HR or SpO 2 at any of the four time points between the two groups. MAP and HR were a little higher at T 1 than at T 0 , T 2 or T 3 in both groups ( Table 4 ). The average maximal sevoflurane concentration inhaled in group R was 2.0±0.5%, while that in group S was 2.5±0.8% (P <0.05).
DISCUSSIOn
Emergence agitation during the recovery period is a common adverse reaction associated with anaesthesia in children. Agitation may be manifested by restlessness, mental confusion, hallucinations, disorientation and inconsolable crying. Agitation during the recovery phase can create further complications. Emergence agitation may be associated with activation of the sympathetic nervous system leading to increased oxygen consumption, tachycardia and hypertension. It may also be associated with self-injury, accidental removal of monitoring instruments or catheters, corneal abrasions, wound dehiscence, haemorrhage and asphyxia as well as potentially being distressing for family and staff. With the introduction of the new, relatively insoluble volatile anaesthetics such as desflurane and sevoflurane, emergence agitation has increased, particularly in children.
The PAED scale is a measure used to assess perioperative delirium in children. The subtleties of and difficulties in distinguishing delirium from agitation in a young child during recovery from anaesthesia have led to confusion and some using the terms interchangeably, while others focus on distinguishing delirium from agitation. A number of methods have been used to assess recovery characteristics of children, particularly agitation, after sevoflurane anaesthesia [7] [8] [9] [10] . Agitation on emergence may relate to many sources of distress for a child -pain, hunger, parental separation, cold, continuation of preoperative distress, particularly distress at induction, and other stress-related Data are expressed as mean ± SD or numbers. group S received sevoflurane and no remifentanil; group R received sevoflurane and remifentanil. no significant difference in any parameters between the two groups. M=male, F=female. SpO 2 =oximetry, T 0 =time children entered operation room, T 1 =time to intubation, T 2 =after extubation, T 3 =on transfer to ward, MAP=mean arterial pressure, HR=heart rate. P <0.05 compared with other time points in the same group. There was no significant difference in any of observed parameters at any time points between the two groups.
emotional challenges. The PAED score attempts to highlight diagnostic factors more specific to delirium but the significance of specific scores is unclear. Delirium is more akin to a medical 'acute brain syndrome' with the failure of the patient to be able to make contact or interact in any meaningful way with the environment or the people around them, rather than just being upset. For the purposes of our study, we have considered a PAED score ≥10 to represent clinically significant disturbance and have categorised all patients with a PAED score ≥10 as having emergence agitation, and in which we would expect to include not only patients with 'emergence delirium' but also some with other causes of disturbed behaviour manifesting as agitation.
In the current study, remifentanil administered intraoperatively was associated with a significant decrease in the incidence of emergence agitation in preschool-aged children undergoing sevoflurane general anaesthesia. There were no significant differences in haemodynamic values between the two groups at the various intraoperative stress points. The eye-opening time and extubation time were similar for both groups. When emergence agitation occurred, we found that the heart rate increased without change in blood pressure.
Many different factors have been associated with emergence agitation, including age, postoperative pain, psychological, social and environmental factors related to the operation, type of surgical procedure, inhaled and intravenous anaesthetics, anaesthetic premedication and adjuvant drugs 11 . Sevoflurane is well established in paediatric anaesthetic practice but there are significant concerns about the use of sevoflurane and the potential association with emergence agitation. Our study demonstrated that remifentanil reduced the incidence of emergence agitation in children undergoing adenotonsillectomy. This result was obtained in the context of sevoflurane anaesthesia supplemented with nitrous oxide and fentanyl 3 µg/kg in both treatment and control groups. The reason that remifentanil reduces emergence agitation incidence is not clear. One possibility is that group R children received a lower concentration of sevoflurane than group S. The average maximal sevoflurane concentration inhaled in group R was 2.0±0.5%, while that in group S was 2.5±0.8%. Further study is required to assess a possible dose response curve for sevoflurane and emergence agitation.
An alternative mechanism whereby remifentanil might influence emergence agitation may be that more profound intraoperative suppression of pharyngeal and laryngeal reflexes during adenotonsillectomy might reduce emergence agitation. The combination of propofol and fentanyl reduces the incidence of emergence agitation after sevoflurane anaesthesia 12 . It is plausible that the addition of remifentanil might augment this effect. The exact mechanism by which remifentanil reduces emergence agitation incidence remains to be elucidated.
Despite the use of fentanyl and propofol induction in all our patients, our study showed an incidence of emergence agitation of 66.6% in group S (sevoflurane without remifentanyl infusion) which is higher than in other related studies 1, 13 . We suggest four factors which may have contributed to this: the surgical site, age of the children, preoperative intramuscular injection of atropine and the criteria for diagnosing emergence agitation. Otorhinolaryngological surgical procedures such as tonsillectomy are associated with an increased incidence of agitation 14 . This association may be related to the sensation of suffocation in adenotonsillectomy which can contribute to emergence agitation. In group S, the age of children was 5.85±2.04 years, which is younger than those studied in some other trials. Previous studies have found that younger children are more prone to develop emergence agitation after sevoflurane anaesthesia 15, 16 . One study of preschool-aged children demonstrated an incidence of emergence agitation of 42% after sevoflurane anaesthesia. Preoperative intramuscular atropine and the absence of sedative premedication may also have contributed to the higher incidence of emergence agitation in our study. Atropine is known to occasionally cause postoperative delirium, while preoperative sedative drugs such as clonidine and midazolam may reduce the incidence of emergence agitation in children. The criteria for emergence agitation used in our study may have contributed to our finding of a higher incidence of emergence agitation. There is no current 'gold standard' measure of emergence agitation. We have defined emergence agitation as a PAED score ≥10. Some other studies define emergence agitation as a PAED score ≥16, while others have used alternative scoring systems. Our criteria for emergence agitation, which may have a lower threshold for diagnosing emergence agitation than some other studies, may have contributed to the high incidence of emergence agitation after sevoflurane anaesthesia in our study.
In summary, our study demonstrates that the intraoperative use of remifentanil reduces the incidence of emergence agitation following sevoflurane anaesthesia in children undergoing
